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(54) PROJECTION LIQUID CRYSTAL DISPLAY 

(57) A liquid-crystal projection device according to 
the present invention comprises an organic electrolumi- 
nescent element 12 that is constituted by sandwiching 
an organic thin-film layer (125) between an electrode 
layer (126) that reflects light and a transparent electrode 
layer (123) that transmits light, and a transparent liquid 
crystal panel (20) that controls passage of light emitted 
from the surface of the organic electroluminescent ele- 
ment 12; and also comprises a half-mirror layer (121) 



arranged on the side where light is output from this 
transparent electrode layer (123) and that reflects some 
of the incoming light through the transparent electrode 
layer (123) to electrode layer (126) and that transmits 
the rest of this light; the distance between the half-mirror 
layer (121) and the electrode layer (1 26) being set to the 
optical distance of resonance of this light. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

The present invention relates to a liquid-crystal pro- 
jection device i.e. what is known as a projector and in 
particular relates to improvements in the light source 
and peripheral optical system of a small-size liquid- 10 
crystal projection device. 

Description of the Related Art 

As the light sources employed in conventional liq- is 
uid-crystal projection devices, light sources using a flu- 
orescent tube or light-guide plate or electrical 
discharge-type light sources such as metal halide lamps 
have come to be employed. 

In particular, Japanese Patent Laid-Open number 20 
Sho.51-119243 discloses a flat plate-shaped light 
source. This specification states that the flat plate- 
shaped light source employs electroluminescence i.e. 
electroluminescent elements. 

However, in the case of a light source employing a fluo- 25 
rescent tube or light-guide plate, it is difficult to make the 
diameter of the fluorescent tube etc. small. There was 
therefore the problem that miniaturisation of a liquid- 
crystal projection device was difficult, since the thick- 
ness of the light source itself could not be reduced 30 
below the diameter of the fluorescent tube. 
Also, in the case of an electric discharge-type light 
source such as a metal halide lamp, the reflector of 
large aperture that was considered necessary to direct 
the light diverging from the light source parallel to the 35 
liquid crystal panel was a factor impeding miniaturisa- 
tion of the liquid-crystal projection device. 

In particular in the case of a liquid-crystal projection 
device for colour display, further miniaturisation of the 
liquid-crystal projection device was difficult owing to the 40 
need to provide liquid crystal display elements consist- 
ing of a light source as aforementioned and liquid crys- 
tal panel for each of the primary colours constituting the 1 
colour image. 

Also, Japanese Patent Laid-Open number Sho.51- 45 
1 19243 does not clearly disclose a material constituting 
a luminescent layer of an electroluminescent element. 
When the conventional inorganic electroluminescent 
material is employed as material for this luminescent 
layer, light from the electroluminescent element is light so 
of a highly divergent character. This therefore suffered 
from the problem that projection of a bright image could 
not be achieved since the light could not be effectively 
directed into the aperture of the projection lens. 
A further problem was that the drive voltage required for 55 
an electroluminescent element using inorganic material 
is at least 100 volts, which is comparatively high. 



SUMMARY OF THE INVENTION 

An object of the present invention is to provide a liq- 
uid-crystal projection device wherein, in order to solve 
the above problems, greater miniaturisation than con- 
ventionally can be achieved and in which a bright image 
can be projected with low voltage. 
In more detail, a first task of the present invention is to 
provide a miniature liquid-crystal projection device that 
can be driven with lower voltage than conventionally 
and whereby a brighter image than conventionally can 
be projected by preventing the diminution in the amount 
of light produced by divergence of the light, by employ- 
ing an organic electroluminescent element having a res- 
onator structure whereby light of good optical emission 
directionality is emitted. 

A second task of the present invention is to provide a 
miniature liquid-crystal projection device whereby a 
brighter image than conventionally can be projected by 
increasing the amount of light that can be transmitted 
through the polarizing plate of the liquid crystal panel by 
using a polarization conversion element that can con- 
vert the condition of polarization of the emitted light from 
the light source. 

A third task of the present invention is to provide a min- 
iature liquid-crystal projection device whereby a brighter 
image than conventionally can be projected, by increas- 
ing the amount of light that can be transmitted through 
the polarizing plate of the liquid crystal panel by employ- 
ing a polarization conversion element that functions in a 
specified wavelength band in projecting a colour image. 
A fourth task of the present invention is to provide a min- 
iature liquid-crystal projection device whereby a brighter 
image than conventionally can be projected by increas- 
ing the amount of light that can be transmitted through 
the aperture of a pixel and miniaturising the device itself 
by employing a miniature luminescent element compris- 
ing a microlens array element that focuses the light on 
to pixel apertures of the liquid crystal panel. 

A fifth task of the present invention is to provide a 
miniature liquid-crystal projection device whereby a 
clear image can be projected by raising the purity of the 
light that is projected and the brightness compared with 
conventionally, by increasing the amount of light con- 
sisting of light of only a specified wavelength by employ- 
ing miniature luminescent elements that emit light of 
only a specified wavelength, due to optical resonance, 
in projection of a colour image. 
A liquid-crystal projection device according to claim 1 
consists in a liquid-crystal projection device having a liq- 
uid crystal display element comprising: an organic elec- 
troluminescent element constructed by sandwiching an 
organic thin-film element between an electrode layer 
that reflects light and an electrode layer that transmits 
light; and a transparent liquid crystal panel that controls 
the transmission of light emitted from a face of the 
organic electroluminescent element 
A liquid-crystal projection device according to claim 2 
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consists in a liquid-crystal projection device according 
to claim 1 wherein the organic thin-film layer is consti- 
tuted as a white luminescent layer that emits white light. 
A liquid-crystal projection device according to claim 3 
consists in a liquid-crystal projection device according 
to claim 1 wherein the organic thin-film layer is consti- 
tuted by successively stacking primary colour lumines- 
cent layers that respectively emit light of respective 
wavelength regions of a plurality of primary colours nec- 
essary for colour display. 

A liquid-crystal projection device according to claim 4 
consists in a liquid-crystal projection device according 
to claim 1 wherein the organic electroluminescent ele- 
ment is constituted of a transparent electrode layer 
overlying a transparent substrate, the organic thin-film 
layer overlying this transparent electrode layer and an 
electrode layer overlying the organic thin-film layer and 
that reflects light emitted by the organic thin-film layer. 
A liquid-crystal projection device according to claim 5 
consists in a liquid-crystal projection device according 
to claim 1 wherein the organic electroluminescent ele- 
ment comprises: an electrode layer that reflects light 
emitted from the organic thin-film layer; a transparent 
electrode layer that sandwiches the organic thin-film 
layer between itself and this electrode layer; and a half- 
mirror layer provided on the optical output side from this 
transparent electrode layer and that reflects some of the 
incoming light through the transparent electrode layer 
into the electrode layer, while transmitting the rest of this 
light; and the distance between this half-mirror layer and 
the electrode layer is set to an optical distance that pro- 
duces resonance of the light in question. 
A liquid-crystal projection device according to claim 6 
consists in a liquid-crystal projection device according 
to any one of claims 1 to 5 wherein, between the organic 
electroluminescent element and the transparent liquid 
crystal panel there is further provided a polarization 
conversion element that converts the polarization condi- 
tion of emitted light from the organic electroluminescent 
element, and the transparent liquid crystal panel is pro- 
vided with a polarizing plate that transmits light of spec- 
ified polarization condition, of the light emitted after 
passing through the polarization conversion element. 
A liquid-crystal projection device according to claim 7 
consists in a liquid-crystal projection device according 
to claim 6 wherein the polarization conversion element 
comprises: a circular polarization selective reflection fil- 
ter arranged on the organic electroluminescent element 
side and that reflects one circularly polarized compo- 
nent of right-handed circularly polarized light and left- 
handed circularly polarized light and that transmits the 
other circularly polarized component, and a 1/4 wave- 
length plate that converts circularly polarized light to lin- 
early polarized light and that converts linearly polarized 
light to circularly polarized light. 
A liquid-crystal projection device according to claim 8 
consists in a liquid-crystal projection device according 
to claim 6 wherein the polarization conversion element 



comprises: a linearly polarized light selective reflection 
filter arranged on the transparent liquid crystal panel 
side and that, of two perpendicular linearly polarized 
components, reflects one linearly polarized component 
5 and transmits the other linearly polarized component, 
and a 1/4 wavelength plate that converts circularly 
polarized light into linearly polarized light and that con- 
verts linearly polarized light into circularly polarized 
light. 

70 A liquid-crystal projection device according to claim 9 
consists in a liquid-crystal projection device according 
to any of claims 6 to 8 wherein the polarization conver- 
sion element comprises a polarization selective reflec- 
tion filter that, for the emitted light of a specified 
75 wavelength region, transmits light of this specified polar- 
ization condition and reflects light of other polarization 
conditions. 

A liquid-crystal projection device according to claim 10 
consists in a liquid -crystal projection device according 
20 to claim 6 wherein, between the organic electrolumines- 
cent element and the transparent liquid crystal panel, 
there is further provided a front-side microlens array 
element wherein microlens elements that collect output 
light from the organic electroluminescent element are 
25 arranged corresponding to individual pixels of the trans- 
parent liquid crystal panel. 

A liquid-crystal projection device according to claim 1 1 
consists in a liquid-crystal projection device according 
to claim 10 wherein the focal length of the microlens ele- 
30 ments and the distance between the front-side micro- 
lens array element and this liquid crystal panel are 
adjusted such that the apertures of the individual pixels 
of the transparent liquid crystal panel are arranged in 
the vicinity of the rear-side focal point of the microlens 
35 elements. 

A liquid-crystal projection device according to claim 12 
consists in a liquid-crystal projection device according 
to any of claims 10 or 1 1 wherein the transparent liquid 
crystal panel comprises an optical screening element 
40 that transmits light that is incident on the aperture of 
each pixel and that screens light that is incident on por- 
tions other than the aperture of this pixel. 
A liquid-crystal projection device according to claim 13 
consists in a liquid -crystal projection device according 
45 to any of claims 10 to 12. further comprising a rear-side 
microlens array element constituted by arranging, corre- 
sponding to individual pixels, microlens elements that 
suppress divergence of light transmitted through the 
pixel apertures of the liquid crystal panel, on the side 
so where light is output after passing through the transpar- 
ent liquid crystal panel. 

A liquid-crystal projection device according to claim 14 
consists in a liquid-crystal projection device according 
to claim 13 wherein the focal length of the microlens ele- 
55 ments and the distance between this rear-side micro- 
lens array element and this transparent liquid crystal 
panel are adjusted such that the apertures of the pixels 
are arranged in the vicinity of the front-side focal point of 
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the rear-side microlens elements. 
A liquid-crystal projection device according to claim 15 
consists in a liquid-crystal projection device according 
to any of claims 10 to 14 wherein, between the organic 
electroluminescent element and the front-side micro- 
lens array element, there is further provided a polariza- 
tion conversion element that converts the polarization 
condition of light that is output from the organic electro- 
luminescent element, and the transparent liquid crystal 
panel comprises a polarizing plate that transmits light of 
specified polarization condition, of the light that is output 
after passing through the polarization conversion ele- 
ment. 

A liquid-crystal projection device according to claim 16 
consists in a liquid-crystal projection device according 
to claim 15 wherein the polarization conversion element 
comprises a circular polarization selective reflection fil- 
ter arranged on the organic electroluminescent element 
side and that reflects one circularly polarized compo- 
nent of right-handed circularly polarized light and left- 
handed circularly polarized light and that transmits the 
other circularly polarized component, and a 1/4 wave- 
length plate that converts circularly polarized light into 
linearly polarized light and that converts linearly polar- 
ized light into circularly polarized light 
A liquid-crystal projection device according to claim 1 7 
consists in a liquid-crystal projection device according 
to claim 15 wherein the polarization conversion element 
comprises: a linear polarization selective reflection filter 
arranged on the front-side microlens array element side 
and that, of two perpendicular linear polarization com 
ponents, reflects one linearly polarized component and 
transmits the other linearly polarized component, and a 
1/4 wavelength plate that converts circularly polarized 
light into linearly polarized light and that converts line- 
arly polarized light into circularly polarized light. 

A liquid-crystal projection device according to claim 
18 consists in a liquid-crystal projection device accord- 
ing to any of claims 1 , 4 or 5, further provided with a pro- 
jection lens that projects on to a screen an image 
generated by passing through the transparent liquid 
crystal panel. 

A liquid-crystal projection device according to c&im 19 
consists in a liquid-crystal projection device according 
to claim 18 further provided with a transparent screen 
whereby an image, projected from the projection lens 
can be observed from the opposite side of this projec- 
tion lens. 

A liquid-crystal projection device according to claim 20 
consists in a liquid-crystal projection device according 
to any of claim 1 or claim 4, further provided with a plu- 
rality of liquid crystal display elements that control the 
transmission of light of respective wavelength regions of 
a plurality of primary colours necessary for colour dis- 
play: a combining optical system that generates a col- 
our image by combining images of primary colours 
emitted from the plurality of liquid crystal display ele- 
ments; and a projection lens that projects on to a screen 



a colour image combined by the combining optical sys- 
tem. 

A liquid-crystal projection device according to claim 21 
consists in a liquid-crystal projection device according 
5 to claim 20 wherein the plurality of organic electrolumi- 
nescent elements are provided with an optical resonant 
structure. 

A liquid-crystal projection device according to claim 22 
consists in a liquid-crystal projection device comprising, 
io for each primary colour, liquid crystal display elements 
including organic electroluminescent elements having 
an optical resonant structure adjusted such as to emit 
light of respective wavelength regions of a plurality of 
primary colours necessary for colour display and a 
75 transparent liquid crystal panel that controls the trans- 
mission of light emitted from the face of the organic 
electroluminescent elements; and further comprising a 
combining optical system that generates a colour image 
by combining images of each primary colour emitted 
so from the respective liquid crystal display elements, and 
a projection lens that projects on to a screen the colour 
image combined by the combining optical system. 
A liquid-crystal projection device according to daim 23 
consists in a liquid-crystal projection device according 
25 to any of claims 20 to 22 further comprising a transpar- 
ent screen constituted so that an image projected from 
the projection lens can be observed from the opposite 
side of this projection lens. 

A liquid-crystal projection device according to claim 24 
30 consists in a liquid-crystal projection device accoiding 
to any of claims 20 to 23 wherein the liquid crystal dis- 
play elements further comprise, between the organic 
electroluminescent element and the transparent liquid 
crystal panel, a front-side microlens array constituted by 
35 arranging, corresponding to individual pixels of the 
transparent liquid crystal panel, microlens elements that 
collect the light emitted from the organic electrolumines- 
cent element. 

A liquid-crystal projection device according to claim 25 
40 consists in a liquid-crystal projection device according 
to claim 24 wherein the liquid crystal display elements 
further comprise a rear-side microlens array element 
constituted by arranging, corresponding to each pixel, 
microlens elements that suppress divergence of light 
45 passing through the pixel apertures of the liquid crystal 
panel, on the output side of light that has passed 
through the transparent liquid crystal panel. 
A liquid-crystal projection device according to daim 26 
consists in a liquid-crystal projection device according 
so to any of claims 24 or 25 wherein the front-side micro- 
lens array element and the rear-side microlens array 
element of the liquid crystal display elements comprise 
a reflection preventing film adjusted such that its reflec- 
tivity is lowest for light of the wavelength region of the 
55 primary colour allocated to the liquid crystal display ele- 
ment in question. 

A liquid-crystal projection device according to claim 27 
consists in a liquid-crystal projection device according 
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to any of claims 20 to 26 wherein the liquid crystal dis- 
play elements, between the organic electroluminescent 
element and the front-side microlens array element, are 
further provided with a polarization conversion element 
that converts the polarization condition of emitted light 5 
from the organic electroluminescent element, and the 
transparent liquid crystal panel is provided with a polar- 
izing plate that transmits light of specified polarization 
condition of light that is emitted after having passed 
through the polarization conversion element 10 
A liquid-crystal projection device according to claim 28 
consists in a liquid-crystal projection device according 
to claim 27 wherein the polarization conversion element 
of the liquid crystal display elements comprises a polar- 
ization selective reflection filter that transmits light of 15 
specified polarization condition with respect to the emit- 
ted light of a specified wavelength region and that 
reflects light of polarization condition other than this. 

BRIEF DESCRIPTION OF THE DRAWINGS 20 



front-side microlens array element 15 and transpar- 
ent liquid crystal panel 16) according to embodi- 
ment 6; 

Fig. 10 is a layout diagram of a liquid crystal display 
element 1g (organic electroluminescent element 
12, front-side microlens array element 15. transpar- 
ent liquid crystal panel 16 and rear-side microlens 
array element 17) according to embodiment 7; 
Fig. 1 1 is a layout diagram of a liquid crystal display 
element 1h (organic electroluminescent element 
12, polarization conversion element 13. front-side 
microlens array element 15 and transparent liquid 
crystal panel 18) according to embodiment 8; 
Fig. 12 is an overall layout diagram of a liquid-crys- 
tal projection device according to embodiment 9; 
Fig. 13 is an overall layout diagram of a transparent 
liquid crystal display element according to embodi- 
ment 10; 

Fig. 14 is an overall layout diagram of a liquid-crys- 
tal projection device according to embodiment 1 1 ; 
and 

Fig. 15 is an overall layout diagram of a liquid-crys- 
tal projection device according to embodiment 12. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Next, preferred embodiments of the present inven- 
tion are described with reference to the drawings. 

Embodiment 1 

(Layout) 

A liquid-crystal projection device according to the 
present invention, as shown in Fig. 1 , comprises a liquid 
crystal display element la, projection lens 30 and frame 
40. 

Projection lens 30 is constituted such that an image 
emitted from liquid crystal display element 1a is imaged 
on a screen 50. Although only a single projection lens is 
shown in the Figure, this could of course be constituted 
by an assembly of a plurality of lenses. 
Specifically, the projection lens may be constructed so 
as to for example magnify the image emitted from liquid 
crystal display element 1a before it is formed on screen 
50. 

Frame 40 is constituted as a receptacle for accommo- 
dating the entire liquid-crystal projection device and is 
constituted such that the optical elements are suitably 
arranged therein. Its material is constituted such that it 
is unaffected by deformation etc. due to the heat emis- 
sion by liquid crystal display element 1a. Liquid crystal 
display element 1a, as shown in Fig. 2, comprises an 
organic electroluminescent element 10 and transparent 
liquid crystal panel 20 and is constructed to emit a mod- 
ulated image. 

Organic electroluminescent element 10 is constituted of 



Fig. 1 is an overall layout diagram of a liquid-crystal 
projection device according to embodiment 1 of the 
present invention; 

Fig. 2 is a layout diagram of a liquid crystal display 25 
element 1a (organic electroluminescent element 10 
and transparent liquid crystal panel 20) according 
to embodiment 1; 

Fig. 3 is a layout diagram of a liquid crystal display 
element 1 b (organic electroluminescent element 11 30 
and transparent liquid crystal panel 20) according 
to embodiment 2; 

Fig. 4 is a layout diagram of a liquid crystal display 
element 1c (organic electroluminescent element 12 
and transparent liquid crystal panel 20) according 35 
to embodiment 3; 

Fig. 5 is a layout diagram of a liquid crystal display 
element id (organic electroluminescent element 
11, polarization conversion element 13 and trans- 
parent liquid crystal panel 20) according to embod- 40 
iment 4; 

Fig. 6 is a perspective view of a liquid crystal display 
element 1d (organic electroluminescent element 7 
11, polarization conversion element 13 and trans- 
parent liquid crystal panel 20) according to embod- 45 
iment 4; 

Fig. 7 is a layout diagram of a liquid crystal display 
element 1e (organic electroluminescent element 
11, polarization conversion element 14 and trans- 
parent liquid crystal panel 20) according to embod- so 
iment 5; 

Fig. 8 is a perspective view of a liquid crystal display 
element 1e (organic electroluminescent element 
11, polarization conversion element 14 and trans- 
parent liquid crystal panel 20) according to embod- ss 
iment 5; 

Fig. 9 is a layout diagram of a liquid crystal display 
element 1f (organic electroluminescent element 12 p 
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successive layers: transparent electrode layer 101, blue 
luminescent layer 102, green luminescent layer 103, red 
luminescent layer 104 and reflective electrode layer 105 
on transparent substrate 100. 

Transparent substrate 100 consists of optically trans- 
parent material such as glass and is constituted of 
material of high mechanical strength. Its thickness is 
adjusted so as not to be too thin, in order to maintain 
enough mechanical strength to act as a light source, yet 
not to be so thick as to result in loss of optical transpar- 
ency or excessive weight. The area of this substrate is 
preferably slightly larger than the area of liquid crystal 
panel 20. If its area is too large, power is wasted in 
unused illumination and the contrast of the projected 
image is adversely affected by leakage of light. If the 
area is too small, sufficient illuminating light is not sup- 
plied to the peripheral section of the liquid crystal panel, 
producing non-uniformity of the amount of light. 
Transparent electrode layer 101 is constituted of a 
material having optical transparency such as ITO 
(Indium Tin Oxide) and that has electrical conductivity. 
Its film thickness is adjusted so that it is not too thin for 
its film thickness to be kept uniform during manufacture 
yet is not so thick as to result in loss of optical transpar- 
ency. 

Blue luminescent layer 102, green luminescent layer 
103 and red luminescent layer 104 are each constituted 
of organic thin-film layers containing organic molecules 
that emit light on application of an electrical field. Blue 
luminescent layer 102 is constituted by organic mole- 
cules that emit light in the blue wavelength region 
Green luminescent layer 103 is constituted by organic 
molecules that emit light in the green wavelength 
region. Red luminescent layer 104 is constituted by 
organic molecules that emit light in the red wavelenqth 
region. 

As blue electroluminescent layer 102 that emits light of 
blue colour, there may be employed a laminated struc- 
ture consisting of a triphenyldiamine derivative whose 
peak luminescence wavelength is about 380 to 420 nm 
and a 1 ,2,4-triazole derivative; as green luminescence 
layer 103 that emits light of green colour, there may be 
employed aluminium tris (8-quinolilate) v?hose peak 
luminescence wavelength is about 520 nm; and as the 
red luminescence layer 104 that emits light of red col- 
our, there may be employed aluminium tris (8-quinoli- 
nate) to which has been added red luminescent 
chromogenic material, whose peak luminescence 
wavelength is about 600 nm. These materials are dis- 
closed in Science. Vol. 267 pp. 1332-1334 (1996). 
Preferably the area of the luminescent layers is equal to 
that of the transparent electrode layer. 
Reflective electrode layer 105 is constituted comprising 
a metallic layer that reflects light and has electrical con- 
ductivity. 

Examples of such metals that may be given include 
magnesium-silver alloys etc. Its film thickness is 
adjusted such that the film thickness can be maintained 



uniform but does not provide excess weight. Its area is 
preferably the same as that of transparent electrode 
layer 101. 

To simplify the description, the power source circuit that 
5 applies voltage between transparent electrode layer 
101 and reflecting electrode layer 105 is not shown in 
the drawing. 

Transparent liquid crystal panel 20 is constituted com- 
prising polarizing plates 201a, 201b, transparent sub- 
w strate 203 and liquid crystal layer 202 These 
constructional items are the same as in a commonly 
known transparent liquid crystal panel. In this Figure, in 
order to facilitate understanding, the drive circuitry pro- 
vided on the transparent substrate and the display cir- 
is cuitry that supplies control signals to the transparent 
electrode, wiring and drive circuitry are not shown 
Polarizing plates 201a and 201b have the same con- 
struction and are constituted such as to transmit only 
light of a specified polarization condition of the incident 
20 light. However, the direction of polarization (direction of 
oscillation) of the light passing through polarizing plate 
201b is arranged to be offset by a fixed angle with 
respect to the direction of polarization transmitted 
through polarizing plate 201 a. This angle is set so as to 
25 be equal to the angle of rotation of the plane of polariza- 
tion whereby liquid crystal layer 202 rotates the plane of 
polarization of light incident thereon when no voltage is 
applied to it. 

For liquid crystal layer 202, a known twisted nematic liq- 
30 uid crystal or the like is employed; when voltage is 
applied to it it does not rotate the plane of polarization of 
incident light, but when voltage is not applied to it, it 
rotates the plane of polarization of incident light. 
Transparent substrate 203 is provided with a transpar- 
35 ent electrode (not shown) on the liquid crystal layer side 
and a drive circuit is provided that is capable of driving 
the liquid crystal for each pixel. The construction is such 
that optical modulation can be achieved by transmitting 
or not transmitting light from organic electroluminescent 
40 element 1 0 in response to change of voltage of a control 
signal supplied from the drive circuit. 
Preferably, organic electroluminescent element 10 is 
provided with a cooling mechanism that cools the 
organic electroluminescent element 

45 

(Action) 



When an electrical field is applied to the electrolu- 
minescent element, this exhibits electroluminescence 
so When an electrical field is applied to a material that pro- 
duces electroluminescence, the electroluminescence 
phenomenon is produced and the electrical energy is 
converted into light. 

Conventionally, as electroluminescent elements the 
55 inorganic materials ZnS. SrS. and CaS were employed 
However, with these inorganic materials, the intensity of 
the light is weak, and the emitted light is not emitted in 
parallel but constitutes divergent light. 
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In contrast, with the electroluminescent element of the 
present invention, an organic material is employed. The 
amount of light emitted due to electroluminescence is 
large because of light emission due to recombination of 
electrons injected from the cathode and positive holes 
injected from the anode. Luminescent layers 102 to 104 
constitute luminescent elements using this organic 
material. 

When voltage is applied between transparent electrode 
layer 101 and reflective electrode layer 105. an electri- 
cal field is generated corresponding to the film thickness 
of the luminescent layer and the applied voltage in each 
luminescent layer sandwiched by two electrode layers. 
The organic molecules of each luminescent layer exhibit 
the electroluminescence phenomenon when they are 
subjected to this electrical field and generate light in a 
fixed wavelength region. The intensity of this light is cor- 
related with the applied voltage. Each luminescent layer 
has an electrical field applied to it which depends on the 
film thickness, so the luminescence depends on the 
intensity of the electrical field. If the areas of transparent 
electrode layer 101. luminescent layers 102 to 104 and 
reflective electrode layer 105 are made practically 
equal, the intensities of the electrical fields in each por- 
tion of the luminescent layers are practically uniform. 
That is. uniform light is emitted from the entire surface of 
the organic electroluminescent element. The blue-col- 
oured light from blue luminescent layer 102 passes 
directly through transparent electrode layer 101 and is 
emitted from the transparent substrate. The green tight 
from green luminescent layer 103 passes through blue 
luminescent layer 102 and transparent electrode film 

101 to be emitted from the transparent substrate. The 
red light from red luminescent layer 104 passes through 
green luminescent layer 103. blue luminescent layer 

102 and transparent electrode film 101 to be emitted 
from the transparent substrate. If the film thicknesses 
etc. of the luminescent layers are adjusted such that the 
same amount of light of each primary colour is emitted 
from the transparent substrate, white light is obtained by 
equal summation of the primary colours. Although light 
is also emitted from each luminescent layer in the oppo- 
site direction to the liquid crystal panel, this ligkt is 
reflected by reflecting electrode layer 105 and returned 
towards liquid crystal panel 20. 

Consequently, the light that is returned from reflecting 
electrode layer 105 is added to the light that is directly 
emitted from each luminescent layer, resulting in an 
increased amount of light being emitted to outside 
transparent substrate 100. 

In particular, an organic electroluminescent element as 
employed in the present invention is well adapted as a 
light source for a liquid-crystal projection device, since it 
has the characteristic advantages of ability to be driven 
at low voltage and higher brightness than the inorganic 
electroluminescent elements that were conventionally 
employed as a flat plate-shaped light source. 

At liquid crystal panel 20, of the light from organic 



electroluminescent element 10. only light having a 
specified plane of polarization passes through polariz- 
ing plate 201a. When a control signal is supplied to the 
control circuit formed on transparent substrate 203. vort- 
> age is applied between the transparent electrodes of 
the pixel in question. In a pixel that has voltage applied 
between its transparent electrodes, the liquid crystal 
molecules in the region of this pixel are aligned in the 
direction of the electrical field. Consequently, in the 
to case of a pixel that has voltage applied to it. rotation of 
the plane of polarization is not applied to incident light, 
and such light reaches polarizing plate 201b on the 
opposite side. However, the direction of polarization in 
which transmission is possible through polarizing plate 
T5 201b is offset from that of polarizing plate 201a, so the 
incident light cannot pass through polarizing plate 201 b. 

On the other hand, if control voltage is not applied 
to the drive circuit, voltage is not applied between the 
electrodes of the pixel in question. In the case of a pixel 
20 to which voltage is not applied, the liquid crystal mole- 
cules in this pixel region are aligned in the horizontal 
direction, so rotation of the plane of polarization is 
applied to the incident light. Consequently, in the case 
of pixels to which voltage is not applied, rotation of the 
25 plane of polarization is applied to the incident light, and 
this therefore reaches polarizing plate 201b on the 
opposite side. Polarizing plate 201b is arranged offset 
from polarizing plate 201 a by the angle of rotation of the 
plane of polarization that is applied to this incident light. 
30 so the incident light passes through polarizing plate 
201b and reaches screen 50 through projection lens 30. 
In this way. display/non-display can be set up for each 
pixel by means of a control signal. 
The liquid crystal display element is formed of a size of 
35 for example about 33 mm (1.3 inch) diagonal, and can 
be driven by a drive voltage of about 10 volts, 
in order to obtain a construction in which a colour image 
can be projected on to a screen, colour filters are 
formed in the pixels of the liquid crystal panel. By such 
40 a construction, colour can be generated when white 
light passes through the liquid crystal panel. 
As described above, with this embodiment 1 , no large 
reflector needs to be employed for the light source, so 
that the display device can be miniaturised. 
45 Also, since the organic electroluminescent element sup- 
plies bright light to the liquid crystal panel, a liquid-crys- 
tal projection device can be provided in which a bright 
image is obtained. 

so (Embodiment 2) 

Embodiment 2 of the present invention provides an 
organic electroluminescent element whereby white light 
is obtained by luminescent layers different from those of 
55 embodiment 1 . 
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(Construction) 



A liquid-crystal projection device according to 
embodiment 2 has the same construction (see Fig 1) 
as embodiment 1 described above, except that liquid 
crystal display element 1b differs from embodiment 1 in 
that, as shown in Fig. 3, it comprises an organic electro- 
luminescent element 1 1 . The construction of liquid crys- 
tal panel 20 is identical with that of the first embodiment 
so a description thereof is omitted. 
Organic electroluminescent element 11 is constituted 
by laminating a transparent electrode layer ill, white 
luminescent layer 1 12 and reflecting electrode layer 1 13 
on to transparent substrate 110. 
Transparent substrate 110 is the same as transparent 
substrate 100 of embodiment 1, transparent electrode 
layer 11 1 is the same as transparent electrode layer 101 
of embodiment 1, and reflecting electrode layer 113 is 
the same as reflecting electrode layer 105 of embodi- 
ment 1, respectively, so description thereof is omitted. 
Depiction of the power source circuit for applying volt- 
age between the transparent electrode layer and reflect- 
ing electrode layer is omitted just as in the case of 
embodiment 1. 

White luminescent layer 1 12 is an organic thin-film layer 
which, when an electrical field is applied to it, emits light 
of a plurality of wavelength regions, so that white light is 
emitted from the layer as a whole. An example that may 
be given of an organic thin film that emits white light in 
response to application of an electrical field is a thin film 
in which there is a molecular dispersion of a low molec- 
ular electron transporting compound and a plurality of 
chromogenic materials constituting centres of lumines- 
cence in poly(N-vinyl carbazole) vinyl. Such a lumines- 
cent film structure is disclosed in Applied Physics 
Letters Vol. 67 No. 16, pp. 2281-2283 (1995). 



be possible to provide a cooling mechanism for cooling 
the organic electroluminescent element. 
As described above, with embodiment 1, a large reflec- 
tor is not employed, so the display device can be minia- 
5 turised. 

Also, since a beam of bright parallel light can be sup- 
plied to the liquid crystal panel, a liquid-crystal projec- 
tion device can be provided whereby a bright image can 
be obtained. 

10 

(Embodiment 3) 

Embodiment 3 of the present invention relates to an 
organic electroluminescent element whose directional- 
is ity in the direction normal to the light-emitting face is 
strong due to an optical resonant structure and whereby 
light of specified wavelength is emitted. 



20 



(Construction) 



(Action) 

When voltage is applied between transparent elec- 
trode layer 111 and reflecting electrode layer 113. an 
electrical field is generated corresponding to the film 
thickness of this white luminescent layer and the value 
of this voltage. White luminescent film 112 emits simul- 
taneously light of a plurality of primary colour wave- 
length regions in response to the intensity of this 
electrical field; the light of this plurality of wavelength 
regions is summed and emitted from the transparent 
substrate. White light is therefore supplied to liquid crys- 
tal panel 20. 

It should be noted that, although in this embodiment, a 
luminescent layer was constituted by an organic thin 
film emitting white light such that a colour image could 
also be projected, it would alternatively be possible to 
provide as luminescent layer an organic thin film emit- 
ting a single colour such as green, red or blue. In this 
case, an image of this single colour is generated. 
In organic electroluminescent element 1 1 , it would also 



A liquid-crystal projection device according to 
embodiment 3 has the same construction as embodi- 
ment 1 (see Fig. 1) except for liquid crystal display ele- 
ment 1c. As shown in Fig. 4. liquid crystal display 
25 element 1c comprises an organic electroluminescent 
element 12 and a transparent liquid crystal panel 20 
Liquid crystal panel 20 is identical with that of embodi- 
ment 1 . so further description is omitted. 
Organic electroluminescent element 12 is constituted 
30 by successive layers consisting of a transparent sub- 
strate 120, a dielectric mirror layer 121, a spacing 
adjustment layer 1 22, a transparent electrode layer 1 23 
a positive hole transport layer 124. a luminescent layer 
1 25. and reflecting electrode layer 1 26. 
35 Transparent substrate 120 is the same as transparent 
substrate 100 of embodiment 1, transparent electrode 
layer 123 is the same as transparent electrode layer 101 
of embodiment 1, and reflecting electrode layer 126 is 
the same as reflecting electrode layer 105 of embodi- 
40 ment 1. respectively, so further description is omitted. 
Just as in embodiment 1, depiction of the power source 
circuitry for applying voltage between the transparent 
electrode layer and reflecting electrode layer is omitted 
D.electric mirror layer 121 is provided with a dielectric 
45 multi-layer film and is constituted to function as a half 
mirror. Specifically, thanks to this multi-layer film struc- 
ture, dielectric mirror layer 121 is constructed so as to 
transmit part of the incident light and to reflect the 
remainder. As such a dielectric, a stacked-layer con- 
so struction of for example Ti0 2 (titanium oxide) and SiOo 
(silicon oxide) may be employed. 
Regarding the film thickness, the number of stacked lay- 
ers of dielectric multi-layer film and the film thickness of 
the dielectric films are determined in correspondence 
55 with the resonance wavelength such that about half of 
the incident light is reflected and the rest is transmitted. 
An optical resonator is constituted by the dielectric 
multi-layer film and reflecting electrode. Spacing adjust- 
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ment layer 122 is provided in order to adjust the dis- 
tance between dielectric mirror layer 121 and reflecting 
electrode layer 126 t and is constituted of a transparent 
dielectric film such as Si0 2 . 

Also, if the film thickness of positive hole transport layer £ 
1 24 and luminescent layer 1 25 are set such as to satisfy 
the following conditions, this spacing adjustment layer 
122 could be omitted. Positive hole transport layer 124 
is a layer for transporting positive holes to luminescent 
layer 125 when positive holes are injected from the 
anode constituted by transparent electrode layer 101, 
and consists for example of a triphenyldiamine deriva- 
tive. 

The gap constituted by spacing adjustment layer 122 is 
adjusted such that the optical distance of dielectric mir- 
ror layer 121 and reflecting electrode layer 126 satisfies 
the condition of being an integral multiple of half wave- 
lengths of the peak wavelength of the light emitted from 
this organic electroluminescent element. 

In order to obtain the desired colour of emitted light, 
the organic electroluminescent element is constructed 
by adjusting the material of luminescent layer 125 and 
the resonator length of the resonator structure. For 
example, to constitute a luminescent layer 125 that 
emits light in the green region, a luminescent layer is 
constructed using a material such as aluminium tris (8- 
quinolilate). In this case, an organic electroluminescent 
element that emits light with a narrow-band lumines- 
cence spectrum in the green region, providing a peak 
wavelength of 540 nm with a half-value width of 60 nm 
can be constructed. 

To construct a luminescent layer 125 that emits light in 
the red region, a luminescent layer may be constituted 
using a material in which a red fluorescence chromoge- 
nic material is dispersed in aluminium tris (8<juinolilate) 
and/or a europium (Eu) complex. In this case, a peak 
wavelength of about 610 nm may be obtained. A lumi- 
nescent layer containing a europium complex is dis- 
closed in Japanese Journal of Applied Physics Vol. 34 
pp. 1883-1887. 

To construct a luminescent layer 125 that emits light in 
the blue region, a luminescent layer may be constituted 
using a material such as a distyrile biphenyl deRvative. 
A technique of constituting a luminescent layer of a dis- 
tyrile biphenyl derivative is disclosed in Oyo Butsuri Vol. 
62. (No. 10), pp. 1016-1018 (1993). 
Although in this embodiment a stacked-layer construc- 
tion of luminescent layers and positive hole transport 
layer was employed, it would alternatively be possible to 
employ a stacked-layer construction of luminescent lay- 
ers, positive hole transport layer and electron transport 
layer. 

Also, it is desirable to provide a cooling mechanism in 
organic electroluminescent element 12 in order to cool 
the organic electroluminescent element. 
Furthermore, separate provision of a filter that transmits 
light of the required wavelength and absorbs light of 
unrequired wavelengths on the emission side of light of 



the organic electroluminescent element 12 is desirable. 
(Action) 

An organic electroluminescent element according 
to the present invention emits light of specified wave- 
length by utilising the optical resonance effect. 
When a prescribed voltage (for example about 10 volt) 
is applied between transparent electrode layer 122 and 
(0 reflecting electrode layer 126, an electric field is gener- 
ated between the two electrode layers, and light is emit- 
ted from luminescent layer 125 in accordance with the 
intensity of this electric field. Some of this light passes 
through dielectric mirror layer 121 while the remainder 
is is reflected. The reflected light is again reflected by 
reflecting electrode layer 126 and reaches dielectric 
mirror layer 121. At dielectric mirror layer 121, again 
some of the light is transmitted while the rest is 
reflected, so as the reflection of the light between the 
20 reflecting surface of dielectric mirror layer 121 and 
reflecting electrode layer 126 is repeated, and what is 
known as optical resonance is generated. 
The wavelength of the resonating light depends on the 
optical distance between dielectric mirror layer 121 and 
25 reflecting electrode layer 126. If this optical distance sat- 
isfies the condition of being an integral multiple of the 
half wavelength of the emitted light, optical resonance is 
generated. 

Consequently, since, of the wavelengths contained in 

30 the light that is emitted from luminescent layer 125, light 
that does not satisfy this condition is suppressed, only 
light that satisfies the aforementioned condition passes 
through dielectric mirror layer 121 and is emitted. Con- 
sequently, the wavelength band of the luminescence 

35 spectrum is narrower than in the embodiment described 
above. That is. luminescence occurs with a specific col- 
our. This resonance effect is disclosed in detail in 
Applied Physics Letters, Vol. 68 . (No. 19), p.1 to 3 
(1996), Applied Physics Letters, Vol. 65. (No. 15), p. 

40 1868-1870 (1994) and in Electronic Information Com- 
munication Society Technical Research Reports (Den- 
shi Joho Tsushin Gakkai Gijutsu Kenkyu Hokoku) OME 
94-79 etc. Also, technical, information concerning rais- 
ing the directionality in the front-side direction of an 

45 organic electroluminescent element is contained in arti- 
cles in Applied Physics Letters Vol. 63. (No. 15), p. 
2023-2034 etc. 

With embodiment 3 as described above, an organic 
electroluminescent element that has strong directional- 

so ity of the emitted light in the normal direction (front-side 
direction) of the organic electroluminescent element 
and whereby light emission can be restricted to a spec- 
ified wavelength can be provided without using a bulky 
light source such as a reflector; a liquid-crystal projec- 

55 tion device can therefore be made of smaller size than 
conventionally. 

Also, since the organic electroluminescent element is 
brighter than a conventional electroluminescent ele- 
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ment, by manufacturing such elements for the respec- 
tive primary colours for colour display, and combining 
their images, a bright colour image can be displayed. 



(Embodiment 4) 

Embodiment 4 of the present invention relates to an 
organic electroluminescent element employing a polari- 
zation conversion element. 



(Construction) 

A liquid-crystal projection device according to 
embodiment 4 has practically the same construction as 
embodiment 1 described above (see Fig. 1) apart from 
liquid crystal display element 1d. As shown in Fig. 5 and 
Fig. 6. liquid crystal display element Id comprises an 
organic electroluminescent element 11, polarization 
conversion element 13 and transparent liquid crystal 
panel 20. Since organic electroluminescent element 1 1 
is of the same construction as in the case of embodi- 
ment 2 and transparent liquid crystal panel 20 is of the 
same construction as in embodiment 1, further descrip- 
tion thereof is omitted. 

It should be noted that organic electroluminescent ele- 
ment 1 1 of this embodiment could be directly substi- 
tuted by organic electroluminescent element 10 
described in embodiment 1 or organic electrolumines- 
cent element 12 described in embodiment 3. 
Also, in these Figures, in order to make the Figures eas- 
ier to view, organic electroluminescent element 11, 
polarization conversion element 13 and transparent liq- 
uid crystal panel 20 are shown as being separated by a 
large spatial distance. In fact, in order to supply light 
from electroluminescent element 1 1 to the liquid crystal 
panel in an efficient manner, these may be arranged 
adjacent each other without mutually intervening space 
or the gap between these elements may be filled with 
transparent material. 

Polarization conversion element 13 may be constructed 
comprising a quarter wavelength film 131 and choles- 
teric liquid crystal layer 132. 

Cholesteric liquid crystal layer 1 32 is constituted of chol- 
esteric phase liquid crystal material; when light is 
directed on to this, circularly polarized light of a direction 
of rotation coincident with the helical direction of the 
cholesteric structure is reflected, whereas circularly 
polarized light rotating in the opposite direction to this 
helical direction is transmitted. For convenience in 
description, circularly polarized light of direction of rota- 
tion capable of being transmitted by cholesteric liquid 
crystal layer 132 is taken as right-handed circularly 
polarized light L+. while circularly polarized light of 
direction such as is reflected without being transmitted 
is taken as left-handed circularly polarized light L-. 
Quarter-wavelength film 131 has an optic axis 133 par- 
allel to the plane of the drawing and is constituted with 
optical anisotropy such that it converts circularly polar- 



ized light to linearly polarized light. This optic axis 133 is 
arranged to be parallel to one side of the rectangular 
external shape of polarization conversion element 13. 

(Action) 



The light emitted from organic electroluminescent 
element 11 is natural light whose direction of oscillation 
(polarization direction) is random, and includes a clock- 
io wise polarized light component L+ and an anticlockwise 
polarized light component L-. Circularly polarized com- 
ponents in these two directions are incident on to chol- 
esteric liquid crystal layer 132. 

Of the circularly polarized light that is incident on choi- 
rs esteric liquid crystal layer 132, right-handed circularly 
polarized component L+ can be transmitted through this 
liquid crystal layer 132. Quarter-wavelength film 131 
converts incident right-handed circularly polarized light 
into linearly polarized light 134a oscillating in the direc- 
20 tion that makes an angle of 45° with respect to one side 
of the outer rectangular shape of polarization conver- 
sion element 13 before outputting it. 
In contrast, the left-handed circularly polarized compo- 
nent L- is reflected by this liquid crystal layer and again 
25 returned to organic electroluminescent element 11. 
Left-handed circularly polarized component L- that is 
returned to organic electroluminescent element 11 is 
reflected by reflecting electrode layer 1 1 3. When the cir- 
cularly polarized light is reflected at the metal surface, 
so the direction of rotation of left-handed circularly polar- 
ized component (L-) is inverted, converting it to right- 
handed circularly polarized component L+. Right- 
handed circularly polarized component L+ is again input 
to polarization conversion element 13. Since the direc- 
35 tion of rotation of the circularly polarized component is 
now inverted to constitute circularly polarized compo- 
nent L+, this is transmitted through cholesteric liquid 
crystal layer 132 and is emitted to quarter-wavelenath 
film 131. 

40 At quarter-wavelength film 1 3 1 , the right-handed circu- 
larly polarized light that is transmitted through choles- 
teric liquid crystal layer 132 is converted to linearly 
polarized light 1 34b that oscillates in a direction making 
an angle of 45° with respect to one side of the external 
45 rectangular shape of polarization conversion element 
1 3, and is therefore emitted by transparent liquid crystal 
panel 20. In short, even through the light that is emitted 
from organic electroluminescent element 11 has a ran- 
dom polarization condition, it can be finally supplied to 
so the transparent liquid crystal panel as linearly polarized 
light with the direction of polarization aligned. 

If the direction of polarization of linearly polarized 
light 1 34a and 1 34b that is supplied to transparent liquid 
crystal panel 20 coincides with the direction of polariza- 
55 tion in which polarizing plate 201a can transmit, the 
quantity of light that can be employed for optical modu- 
lation in the transparent liquid crystal panel can be 
made large. 
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It should be noted that the principles of a polarization 
conversion element constructed of a quarter-wave- 
length film 131 and cholesteric liquid crystal layer 132 
are disclosed in Reference: Proceedings of the 15th 
International Display Research Conference, 1995, 
p.735-738, Japanese Journal of Applied Physics, VbL 
29, (No. 4), April 1990. p. L 634-637 or Japanese Jour- 
nal of Applied Physics, Vol.29 . (No. 10), October. 1990. 
p. 1974-1 984. 

Since, with embodiment 4 as described above, of the 
light which is emitted from the organic electrolumines- 
cent element, all of the light that would otherwise fail to 
pass through the polarizing plate and be absorbed i.e. 
more than half of the light can be supplied for optical 
modulation by the transparent liquid crystal panel, so, 
ideally, an image that is twice as bright as convention- 
ally can be projected on to the screen. 

(Embodiment 5) 

Embodiment 5 of the present invention relates to a 
modified example of the polarization conversion ele- 
ment of embodiment 4. 

(Construction) 



The liquid-crystal projection device of embodiment 
5 is the same as embodiment 4 apart from liquid crystal 
display element 1e. As shown in Fig. 7 and Fig. 8. liquid 
crystal display element 1 e comprises organic electrolu- 30 
minescent element 1 1 . polarization conversion element 
14 and transparent liquid crystal panel 20. 

Organic electroluminescent element 1 1 and trans- 
parent liquid crystal panel 20 have the same construc- 
tion as in embodiment 4. so further description thereof 35 
is omitted. 

Polarization conversion element 14 comprises a micro 
polarization beam splitter array 141 and quarter-wave- 
length film 142. 

Micro polarization beam splitter array 1 41 is constructed 40 
so as to form a plurality of microprisms 143 by mutual 
meshing together of two mernberswith zigzag-shaped 
surface irregularities. / 
Microprisms 143 are formed such that their boundary 
lines form a roof shape of 45° angle with respect to the as 
plane of the drawing. The boundary faces of micro- 
prisms 143 are formed by means of a dielectric multi- 
layer film structure or the like, so as to transmit light of 
specified polarization condition and to reflect light of 
polarization condition other than this. In this embodi- so 
rnent. for convenience in description, it will be assumed 
that they transmit linearly polarized light of one polariza- 
tion direction (p polarization) and reflect linearly polar- 
ized light (s polarization) in the direction of polarization 
orthogonal to this. 55 

Quarter-wavelength film 142 has the same con- 
struction as quarter-wavelength film 131 of embodiment 
4 and has an optic axis 144 parallel to the plane of the 



Figure. 

It should be noted that, in place of organic electrolumi- 
nescent element 1 1 of this embodiment, there could be 
substituted organic electroluminescent element 10 as 
s described in embodiment 1 or organic electrolumines- 
cent element 12 as described in embodiment 3. 
In particular, the polarization separation characteristic 
of micro polarization beam splitter array 141 constituting 
polarization conversion element 14 of this embodiment 

10 shows considerable dependence on the angle of inci- 
dence of the incident light. It is therefore desirable to 
employ polarization conversion element 12 of embodi- 
ment 3 having an optical resonance construction in 
order to raise the directionality of the light incident on to 

75 micro polarization beam splitter array 1 41 . 

(Action) 

As described in embodiment 4 t the light that is emit- 
20 ted from organic electroluminescent element 1 1 is natu- 
ral light having a random direction of oscillation and 
including a right-handed circularly polarized component 
L+ and an anticlockwise circular polarized component 
L-. Of the light that is emitted from organic electrolumi- 
25 nescent element 1 1 , the right-handed circularly polar- 
ized component L+ is converted to p polarized light by 
quarter-wavelength film 142 and is input to micro polar- 
ization beam splitter array 14. Since the p polarized light 
is capable of being transmitted by micro prisms 1 43, it is 
supplied to transparent liquid crystal panel 20 as line- 
arly polarized light 145a in this unaltered polarization 
condition. 

In contrast, of the light that is emitted from organic elec- 
troluminescent element 11, the left-handed circularly 
polarized component L- is converted to s polarized light 
by quarter-wavelength film 142 and is input to micro 
polarization beam splitter array 14. The s polarized light 
is reflected by microprisms 143. The boundary faces of 
the microprisms 143 are inclined at 45° with respect to 
the direction of incidence of the light, so the initial reflec- 
tion changes the direction of the s polarized light to a 
direction at right angles to the direction of incidence and 
the second reflection changes its direction to the oppo- 
site direction to the direction of incidence. This reflected 
s polarized light is again converted to left-handed circu- 
larly polarized light L- by quarter-wavelength film 142, 
and is returned to organic electroluminescent element 
11. 

In organic electroluminescent element 11, this returned 
left-handed circularly polarized light L- is reflected by 
reflecting electrode layer 113. When left-handed circu- 
larly polarized light L- is reflected. H is converted into 
right-handed circularly polarized light L-. This clockwise 
polarized light L- is converted into p polarized light by 
quarter-wavelength film 142, so it now passes through 
microprisms 143 and is supplied to transparent liquid 
crystal panel 20 as linearly polarized light 145b oscillat- 
ing in the same direction as linearly polarized light 145a. 
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in short, even though the light that is emitted from 
organic electroluminescent element 1 1 has a random 
polarization condition, it is finally supplied to the trans- 
parent liquid crystal panel as linearly polarized light all 
having the same direction of polarization. 5 
The principles of a micro polarization beam splitter array 
are disclosed in Society for Information Display Interna- 
tional Symposium Digest of Technical Papers, Vol 
XXIII, 1992, pp. 427-429. 

As described above, with embodiment 5, of the light that 10 
is emitted from the organic electroluminescent element, 
all of the light can be supplied for optical modulation by 
the transparent liquid crystal panel, whereas conven- 
tionally more than half of the light could not pass 
through the conventional polarizing plate and was /5 
absorbed; ideally, therefore, an image twice as bright as 
conventionally can be projected on to the screen. 



(Embodiment 6) 

Embodiment 6 of the present invention relates to a 
liquid crystal display device using a front-side microlens 
array element. 

(Construction) 



20 



25 



A liquid-crystal projection device according to this 
embodiment 6 has the same construction as embodi- 
ment 1 described above with the exception of liquid 
crystal display element 1f. As shown in Fig. 9, liquid so 
crystal display element 1f comprises an organic electro- 
luminescent element 12, front-side microlens array ele- 
ment 15, and transparent liquid crystal panel 16. 
Organic electroluminescent element 12 has the same 
optical resonance construction as already described 35 
with reference to embodiment 3, so further description 
thereof is omitted. 

Front-side microlens array element 15 is constructed by 
providing a plurality of microlens elements 151 
arranged corresponding to the pixels of transparent liq- 40 
uid crystal panel 16. For example, if transparent liquid 
crystal panel 16 comprises 640 (horizontal) x 480 (ver- 
tical) pixgs, front-side microlens array element 15 also 
comprises 640 x 480 microlens elements 151. Front- 
side microlens array 15 is constituted by a method of 45 
manufacture such as plastic injection moulding or glass- 
press forming, using a mould formed with microlens ele- 
ments 151 of lens surface shape. Also, the individual 
microlens elements 151 could be formed as diffraction 
lenses. 50 
The lens surface shape of the individual microlens ele- 
ments 151 is formed such as to provide a fixed focal 
length (for example 2.5 mm) with respect to the wave- 
length of the light emitted from organic electrolumines- 
cent element 12. This focal length is the rear-side focal ss 
length of microlens elements 151. The distance 
between front-side microlens array element 15 and 
transparent liquid crystal panel 16 is adjusted such that 



this focal length is equal to the distance from the princi- 
pal point of microlens elements 151 to aperture 163 of a 
pixel of transparent liquid crystal panel 16. 
A reflection-preventing film 152 is formed on both the 
light input face and light output face of microlens ele- 
ments 151. This reflection preventing film 152 is prefer- 
ably designed such that reflectivity is lowest for light of 
the wavelength emitted by organic electroluminescent 
element 1 2. 

Transparent liquid crystal panel 16 is constructed such 
that liquid crystal layers 162 are sandwiched on either 
side by transparent substrate 161 . On one face of trans- 
parent substrate 161, there is provided an optical 
screening pattern 164 provided with apertures 163 for 
each pixel. In order to simplify the drawing, the drive cir- 
cuitry and transparent electrodes etc. provided on the 
polarization plate (corresponding to polarization plates 
201a, 201b of transparent liquid crystal panel 20 of Fig. 
2) are omitted in this Figure, and the number of pixels 
shown is reduced. The composition of transparent sub- 
strate 161 and the liquid crystal material of liquid crystal 
layer 162 are the same as in embodiment 1 . so further 
description thereof is omitted. 

Optical screening pattern 164 is constituted of a mate- 
rial such as carbon that shows optical absorption and 
can be formed by printing or pasting in substrate form. 
Thus, of the light that is emitted to transparent liquid 
crystal panel 16, only light that is directed on to aper- 
tures 163 is emitted at the projection lens side, light that 
is directed on to optical screening pattern 164 being cut 
off. 

It should be noted that optical screening pattern 164 is 
not essential if the light emitted from organic electrolu- 
minescent element 12 can be completely concentrated 
on to apertures 163 of transparent liquid crystal panel 
16 by front-side microlens array element 15. 

(Action) 

When a fixed DC voltage (for example about 10 
volts) is applied between transparent electrode layer 
122 and reflecting electrode layer 126 of organic elec- 
troluminescent element 12, light is emitted from lumi- 
nescent layer 125. Then, as described with reference to 
embodiment 3, light of specified wavelength determined 
by the distance between dielectric mirror 121 and 
reflecting electrode layer 126 is emitted from organic 
electroluminescent element 12. 

The wavelength band of the emission spectrum of this 
emitted light is narrow. Microlens elements 151 are 
designed such that the focal point in aperture 163 of 
transparent liquid crystal panel 16 is focused for light of 
this specified wavelength. In contrast, for light of other 
than the specified wavelength, the degree of refraction 
produced by the lens is different, so such light is brought 
to a focus either upstream or downstream in the optic 
axis direction with respect to aperture 1 63. producing a 
large ring of light at aperture 163. 
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Consequently, light of the specified wavelength passes 
through aperture 163 and is emitted at the projection 
lens side, but most of light of wavelengths other than 
this is either absorbed or reflected by optical screening 
pattern 164 and so is not emitted to the projection lens. 
The greater the degree of parallelism of the light that is 
input to microlens array element 15, the smaller is the 
focal spot produced by microlens elements 151. so the 
amount of light that can pass through pixel apertures 
163 is increased. 

On the other hand, if the parallelism of the light that is 
input to microlens array 15 is lower i.e. it is more diver- 
gent, the light cannot be sufficiently focused by micro- 
lens elements 151 and so the focal spot becomes larger 
than pixel aperture 163, resulting in light being 
absorbed or reflected by optical screening pattern 164. 
The amount of light that can be transmitted through 
aperture 163 is thereby lowered, making the image that 
is projected on to the screen darker. 
Consequently, use of an organic electroluminescent 
element having an optical resonance construction 
whereby the directionality of emitted light can be raised 
is particularly desirable in the present embodiment 
employing a microlens array element, in order to 
increase the amount of light that can pass through the 
pixels of the liquid crystal panel. 
It should be noted that, if a microlens array element 15 
were not used, light absorbed or reflected by optical 
screening pattern 164 would be unable to pass through 
the liquid crystal panel, so the image projected on to the 
screen would be dark. 

As described above, with this embodiment 6. since an 
organic electroluminescent element having a reso- 
nance construction of excellent directionality is 
employed for the emitted light, this can be focused on to 
the pixel apertures of the liquid crystal panel by the mic- 
rolens array element, enabling the amount of light that 
can be transmitted through the pixel apertures to be 
increased; colour display of high brightness and colour 
purity can thus be achieved with the liquid-crystal pro- 
jection device for colour display. 

(Embodiment 7) ?~ 



nescent element 12, front-side microlens array element 
15 and transparent liquid crystal panel 16 are the same 
as described in embodiment 6, so further description 
thereof is omitted. 
5 Rear-side microlens array element 17 is constituted 
comprising a plurality of microlens elements 171 
arranged corresponding to the pixels of transparent liq- 
uid crystal panel 16. For example, if transparent liquid 
crystal panel 16 is constituted of 640 (horizontal) x 480 

10 (vertical) pixels, rear-side microlens element 17 is like- 
wise constituted of 640 x 480 microlens elements 171. 
Rear-side microlens array element 17 is constructed by 
a method of manufacture such as plastic injection 
moulding or glass press forming, using a mould formed 

, 5 with lens surface shapes of microlens elements 171. 
Alternatively, microlens elements 171 could be con- 
structed by diffraction lenses. The lens surface shape of 
the individual microlens elements 1 71 is formed such as 
to provide a fixed focal length (for example 2.5 mm) for 

20 light of the specific wavelength emitted by organic elec- 
troluminescent element 12. 

This focal length is the front focal length of microlens 
element 171. The distance between transparent liquid 
crystal panel 16 and rear-side microlens array element 

25 17 is adjusted such that this focal length is equal to the 
distance from pixel elements 163 of transparent liquid 
crystal panel 16 to the principal point of microlens ele- 
ment 171. For example, if the focal length on the rear 
side of front microlens array element 15 and the focal 

30 length on the front side of rear microlens element 1 7 are 
set to the same distance, the distance between front 
microlens array element 15 and pixel aperture 163 and 
the distance between rear microlens array element 17 
and pixel aperture 163 are arranged to be the same. A 

35 reflection-preventing film 172 is formed on both the opti- 
cal input face and optical output face of rear microlens 
element 171. 

Preferably reflection-preventing film 172 is designed 
such as to provide lowest reflectivity in respect of the 
40 wavelength of the light that is emitted by organic electro- 
luminescent element 12. 



Embodiment 7 of the present invention relates to a 45 
liquid crystal display device further employing a rear- 
side microlens array element. 



(Construction) 



so 



A liquid-crystal projection device according to the 
seventh embodiment has the same construction as 
embodiment 6 described above apart from liquid crystal 
display element 1g. As shown in Fig. 10. liquid crystal 
display element 1g is constituted comprising an organic ss 
electroluminescent element 12, front-side microlens 
array element 15. transparent liquid crystal panel 16 
and rear-side microlens array 17. Organic electrolumi- 



(Action) 

As described above in embodiment 6. light that is 
input to transparent liquid crystal panel 16 is brought to 
a focal point at pixel aperture 163 and then constitutes 
divergent light 165. Microlens elements 171 of rear-side 
microlens array element 17 are designed such that their 
front-side focal length is equal to the distance of aper- 
ture 163. Divergent light 165 is therefore again con- 
verted into parallel light by this microlens array element 
17. 

Since, as described above, with this seventh embodi- 
ment, the rear-side microlens array element suppresses 
divergence of the light passing through liquid crystal 
panel 16. a liquid-crystal projection device can be pro- 
vided that is capable of projecting an even brighter 
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image. 

(Embodiment 8) 

The eighth embodiment of the present invention 
relates to a liquid crystal display device employing both 
a polarization conversion element and a microlens array 
element. 

(Construction) 

A liquid-crystal projection device according to 
embodiment 8 has the same construction as embodi- 
ment 1 described above apart from liquid crystal display 
element 1h. As shown in Fig. 11, liquid crystal display 
element In comprises an organic electroluminescent 
element 12, polarization conversion element 13, front- 
side microlens array element 15 and transparent liquid 
crystal panel 18. 

Organic electroluminescent element 12 has the same 
optical resonant construction as that described in 
embodiment 3; polarization conversion element 13 is 
the same as described in embodiment 4; and front-side 
microlens array element 15 is of the same construction 
as described in embodiment 6; further description 
thereof is therefore omitted. 

Transparent liquid crystal panel 18 is constituted com- 
prising two transparent substrates 181. liquid crystal 
layer 182 and polarizing plates 185a and 185b. On one 
of the liquid crystal layer sides of transparent substrate 
181, there is provided an aperture 183 for each pixel 
and a screening pattern 184 is provided around its 
periphery. Since transparent substrate 181, aperture 
183 and optical screening pattern 184 are respectively 
the same as transparent substrate 161. aperture 163 
and screening pattern 184 of transparent liquid crystal 
panel 16 of embodiment 6, description thereof is omit- 
ted. In order to facilitate understanding of the drawing, 
just as in the case of embodiment 1 , the drive circuit 
provided on the transparent substrate and the display 
circuit etc. for supplying control signals to the transpar- 
ent electrodes, wiring and drive circuit are not shown. 
As liquid crystal layer 182. a known twisted nematic liq- 
uid crystal or the like is employed; this is arranged such 
that in the condition in which voltage is applied it does 
not rotate the plane of polarization of the incident light 
but in the condition when voltage is not applied it does 
rotate the plane of polarization of incident light. 
Polarizing plates 185a and 185b have the same con- 
struction and are arranged such as to transmit only light 
of a specified polarization condition of the incident light. 
However, the direction of polarization of light transmitted 
by polarizing plate 185b is arranged to be offset by a 
certain angle with respect to the direction of polarization 
of transmission by polarizing plate 1 85a. This angle is 
set to be equal to the angle of rotation of the plane of 
polarization that is produced when the plane of polariza- 
tion of incoming light is rotated when no voltage is 



applied to liquid crystal layer 182. 
Also, the direction of polarization of linearly polarized 
light emitted from polarizing conversion element 13 is 
arranged to coincide with the direction of polarization 
5 capable of being transmitted by polarizing plate 185a. 
Furthermore, the distance between the principal point of 
microlens element 151 of front-side microlens array ele- 
ment 15 and aperture 183 of transparent liquid crystal 
panel 18 is set to be equal to the rear-side focal length 
io of microlens element 151. 

For convenience in description, it is assumed that circu- 
larly polarized light of the direction of rotation that is 
capable of being transmitted by cholesteric liquid crystal 
layer 132 is right-handed circularly polarized light L+, 
75 while the circular polarization of direction of rotation that 
is reflected without being transmitted is left-handed cir- 
cularly polarized light L-. 

(Action) 

20 

The wavelength region of light that is emitted from 
organic electroluminescent element 12 is restricted by 
the optical resonance structure (see embodiment 3). 
However, the direction of oscillation of the light is ran- 
25 dom and includes both a right-handed circularly polar- 
ized component L+ and an left-handed circularly 
polarized component L-. Circularly polarized compo- 
nents in both these directions are input to cholesteric 
liquid crystal layer 132. 
30 Since, of the circularly polarized components that are 
input to cholesteric liquid crystal layer 132, right-handed 
circularly polarized component L+ can be transmitted 
through this liquid crystal layer 132, it is input to quarter- 
wavelength film 131. Quarter-wavelength film 131 con- 
35 verts right-handed circularly polarized incoming light 
into linearly polarized light 134a oscillating in a direction 
that makes an angle of 45° with respect to one side of 
the external rectangular shape of polarization conver- 
sion element 13. On the other hand, left-handed circu- 
40 larly polarized component L- is reflected by this liquid 
crystal layer and is returned once more to organic elec- 
troluminescent element 12. Left-handed circularly 
polarized component L- that has returned to organic; 
electroluminescent element 12 reaches reflecting elec- 
45 trode layer 126, where it is reflected. When the circularly 
polarized light is reflected, left-handed circularly polar- 
ized light component L- has its direction of rotation 
reversed and becomes right-handed circularly polarized 
light component L+. Right-handed circularly polarized 
so component L+ is again input to polarization conversion 
element 13. This time, since the circularly polarized 
component has been reversed in direction of rotation, 
becoming right-handed circularly polarized component 
L+, it is able to pass through cholesteric liquid crystal 
55 layer 1 32 and is emitted to quarter-wavelength film 131. 
Quarter- wavelength film 131 converts the right-handed 
circularly polarized light that has passed through chol- 
esteric liquid crystal layer 132 to linearly polarized light 
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134b making an angle of 45° with respect to one side of 
the rectangular external shape of the polarization con- 
version element and oscillating in the same direction as 
the direction of oscillation of linearly polarized light 
134a; this linearly polarized light 134b is then output to 
transparent liquid crystal panel 18. 
In short, whatever the polarization condition of the light 
that is emitted from organic electroluminescent element 
12. the light that is supplied to transparent liquid crystal 
panel 18 is aligned in direction of oscillation and close to 
parallel. 

Since, in this embodiment an organic electrolumines- 
cent element having a resonator structure is employed 
as light source, the wavelength band of the emission 
spectrum of the emitted light is narrowly defined. The 
polarization selective reflection function of the polariza- 
tion conversion element and the optical characteristics 
of the microlens array element can therefore be opti- 
mised for this specific wavelength region only. 
The wavelength dependence of the polarization selec- 
tive reflection function of the polarization conversion 
element is determined, in the case of the polarization 
conversion element in embodiment 4, by the helical 
period of cholesteric liquid crystal layer 132 and. in the 
case of the polarization conversion element in embodi- 
ment 5. is determined by the layer-stacking period of the 
dielectric multi-layer film. 

In attempting to confer a polarization selective reflection 
function in a wavelength region including red, green and 
blue, the need therefore arises to superimpose in multi- 
ple stages helical periodical structures or stacked-layer 
periodical structures corresponding to each primary col- 
our in each of the polarization conversion elements. 
However, the construction of the polarization conversion 
element is straightforward in that, when constructing 
polarization conversion elements functioning only in 
respective specified wavelength regions such as red, 
green or blue, it suffices to provide a helical periodical 
structure or stacked-layer periodical structure corre- 
sponding just to that wavelength region. 
Microlens elements 151 constituting front-side micro- 
lens array element 15 focus light from polarization con- 
Version element 13 on to apertures 183 of transparent 
liquid crystal panel 18. 

The direction of polarization of linearly polarized light 
134a and 134b supplied to transparent liquid crystal 
panel 20 coincides with the direction of polarization that 
is capable of passing through polarizing plate 185a. 
This linearly polarized light 134a and 134b therefore 
passes through polarizing plate 185a and is focused on 
to pixel aperture 183. 

When no electric field is applied to liquid crystal layer 
182, liquid crystal layer 182 rotates the plane of polari- 
zation of incident light by a fixed angle. And when an 
electric field is applied to liquid crystal layer 1 82, the liq- 
uid crystal molecules are aligned in the direction of the 
electrical field and no polarization plane rotation is 
applied to incident light. 



Consequently, in the case of pixels to which voltage is 
not applied, the plane of the incident light is rotated, 
allowing the light to pass through polarizing plate 185b 
and to he output at the projection lens side. In contrast, 
5 in the case of pixels to which voltage is applied, no rota- 
tion is applied to the plane of polarization olthe incom- 
ing light which therefore cannot pass through polarizing 
plate 185b and is absorbed or reflected. 
As described above, with this embodiment 8, thanks to 
10 the organic electroluminescent element, intense light of 
a specified wavelength and excellent directionality is 
extracted, the direction of polarization is aligned by 
means of the polarization conversion element, and the 
amount of light that can pass through the pixel aper- 
75 tures is increased by the microlens array element; a liq- 
uid-crystal projection device whereby a bright projected 
image can be obtained can therefore be provided. 
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(Embodiment 9) 

Embodiment 9 of the present invention relates to a 
liquid-crystal projection device of a mode wherein an 
image projected on to a screen can be observed from 
the rear. 

(Construction) 



As shown in Fig. 12. a liquid-crystal projection 
device according to the present invention comprises a 
30 liquid crystal display element 1, projection lens 31, 
frame 41 and screen 51. 

The liquid crystal display elements 1a. 1b. 1c. 1d, 1e, 1f. 
1g and 1h of embodiments 1 to 8 can be applied to liq- 
uid crystal display element 1 . In other words, organic 
35 electroluminescent element 10 and transparent liquid 
crystal panel 20 in this Figure are shown by way of 
example and the optical elements of the foregoing 
embodiments could be applied in place of these. 
Projection lens 31 is constructed such that an image 
40 that is output from liquid crystal display element 1 is 
focused on screen 51. Only one projection lens is 
shown in the Figure, but this could of course be consti- 
tuted by an assembly of a plurality of lenses. 

Specifically, this is constituted such that an cage emit- 
45 ted from liquid crystal display element 1 is brought to a 

focus on screen 51 after magnification etc. 

However, if a liquid crystal display element 1f according 

to embodiment 6 or a liquid crystal display element 1h 

according to embodiment 8 is employed, the output light 
so is divergent light. Projection lens 31 is therefore 

adjusted such that this divergent light is brought to a 

focus on screen 51. 

Also, in this embodiment, the image is observed from 
the rear side of the screen, so the image that is pro- 
55 jected on to screen 51 must be inverted compared with 
embodiment 1. Projection lens 31 is therefore con- 
structed so as to invert the projection image before dis- 
playing it. 
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Frame 41 is constructed such that liquid crystal display 
element 1, projection lens 31 and screen 51 can be 
arranged at suitable distances. 
In order to enable the image that is projected on to the 
screen to be observed from behind the screen, screen 5 
51 is constructed of for example a semi-transparent film 
or a resin plate having a Fresnel lens. 



(Action) 



The image that is output from liquid crystal display 
element 1 is focused on to screen 51. The observer 
observes the image displayed on screen 51 from the 
rear. 

For example, if the diagonal size of liquid crystal display is 
element 1 is assumed to be 33 mm (1 .3 inches) and the 
magnification factor of projection lens 31 is assumed to 
he about 12 times, the image displayed on screen 51 
will be of diagonal size 400 mm (15.6 inches). 
With this embodiment 9 as described above, an image so 
is projected on to a transparent screen using a liquid 
crystal display element according to the present inven- 
tion, so a projected image can be provided that is 
brighter than with a device using a conventional electro- 
luminescent element. 2 s 

(Embodiment 10) 

Embodiment 1 0 of the present invention provides a 
liquid-crystal projection device for colour display use. 30 

(Construction) 

As shown in Fig. 13, a liquid-crystal projection 
device according to this embodiment comprises a red 35 
liquid crystal display element 1Ft, a green liquid crystal 
display element 1G. a blue liquid crystal display element 
IB, a red wavelength film 70R, a green wavelength film 
70G, a blue wavelength film 70B, a dichroic prism 60, a 
projection lens 32, a frame 42 and screen 51 . Hereinbe* 40 
low, of the three primary colours employed in this 
embodiment, optical elements relating to red colour are 
denoted by affixing the suffix R, optical elements relat- 
ing to green colour by the suffix G, and optical element 
relating to blue colour by the suffix B, respectively. 45 
As liquid crystal display elements 1R, 1G and 1B, there 
are applied liquid crystal display elements respectively 
equipped with an organic electroluminescent element 
that emits light of red colour, an organic electrolumines- 
cent element that emits light of green colour or an so 
organic electroluminescent element that emits light of 
blue colour, as light source. 

However, the degree of refraction by projection lens 32 
must be varied, since the emitted light shows some 
degree of divergence when 1f and 1h including a front- 55 
side microlens array element (reference numeral 15 in 
Fig. 9) are applied to a liquid crystal display element 
Also, a liquid crystal display element is employed in 



which the wavelength of the emitted light is adjusted 
when 1c, If, 1g and 1h including organic electrolumi- 
nescent elements (reference numeral 12 in Fig. 4 and 
Fig. 9 to Fig. 11) having an optical resonance structure 
are applied in the liquid crystal display element. Specif- 
ically, in the case of liquid crystal display element 1 R, 
the wavelength region of the emitted light of organic 
electroluminescent element 12 is set to red. As in the 
case of liquid crystal display element 1G, the wave- 
length region of the emitted light of organic electrolumi- 
nescent element 12 is set to green. And in the case of 
liquid crystal display element 1B, the wavelength region 
of the emitted light of organic electroluminescent ele- 
ment 12 is set to blue. 

Specifically, the distance between dielectric mirror layer 
121 and reflecting electrode layer 126 is adjusted after 
selecting the material of luminescent layer 125 of 
organic electroluminescent element 12. Although, if 
polarization conversion element 13 of embodiment 4 or 
polarization conversion element 14 of embodiment 5 is 
employed, a polarization conversion element could be 
employed having a polarization selective reflection func- 
tion over the entire visible light region, use of a polariza- 
tion conversion element having a polarization selective 
reflection function for a specific wavelength region only 
enables the efficiency of utilisation of light to be 
improved. 

Also, if a microlens array element (15, 17) is employed, 
the lens is designed such as to reduce aberration when 
light of that colour is input. Furthermore, the reflection 
preventing film (152. 172) of the microlens element is 
adjusted such that its reflectivity is lowest when light of 
that colour is input. For example, adjustment is effected 
so as to satisfy the aforementioned condition in respect 
of light of wavelength 610 nm in the case of liquid crystal 
display element 1 R, in respect of light of wavelength 
535 nm in the case of liquid crystal display element 1G, 
and with respect to light of wavelength 470 nm in the 
case of liquid crystal display element 1B. 
Wavelength films 70 are constructed using a glass plate 
or plastics plate. Red wavelength film 70R is con- 
structed so as to be capable of transmitting light of red 
wavelength. Green wavelength film 70G ie constructed 
so as to be capable of transmitting light of green wave- 
length. Blue wavelength film 70B is constructed so as to 
be capable of transmitting light of blue wavelength. 
Wavelength films 70R. 70G and 70B-can be removed 
from the structural elements. 

Dichroic prism 60 is constructed to be capable of com- 
bining the images from liquid crystal display elements 
1 R. 1G and 1 B. In more detail, dichroic prism 60 is con- 
stituted by assembling a plurality of prisms, formed with 
dielectric multi-layer films that reflect light of a specific 
wavelength at their boundary faces. For example, film 
60R is constituted to reflect light of red wavelength and 
to transmit light of other wavelengths. Film 60B is con- 
stituted to reflect light of blue wavelength and to transmit 
light of other wavelengths. 
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Projection lens 32 is adjusted to be capable of project- 
ing a combined image from dichroic prism 60 on to 
screen 51 . While only one lens is shown in the Figure, it 
could be constructed ol a plurality of lenses. Frame 42 
is constructed with a volume capable of containing all 
the optical elements of this embodiment. 
Screen 51 is the same as that described with reference 
to embodiment 9. 

(Action) 

The images that are supplied from liquid crystal dis- 
play elements 1 R, 1 G and 1 B through wavelength films 
70 R, 70G and 70B to dichroic prism 60 are images of. 
light of the respective primary colours. The red light is 
reflected by film 60R of dichroic prism 60. The blue light 
is reflected by film 60B of dichroic prism 60. The green 
light is reflected by neither film 60R nor 60B and passes 
through both films. As a result, an image obtained by 
combination of the light of these three colours is emitted 
on the projection lens 32 side of dichroic prism 60. This 
image is magnified and projected on to screen 51 by 
projection lens 32. The image projected on to screen 51 
can be observed by an observer from the rear side. 
For example, if the transparent liquid crystal panel is 
constituted with a diagonal size of about 63.5 mm (2.5 
inches), rear projection screen 51 is formed with a diag- 
onal size of about 1 m (about 40 inches). 
As described above, with this embodiment 10, liquid 
crystal display elements according to the present inven- 
tion are provided for each primary colour and these are 
combined to produce a colour image, so, compared with 
the case where illumination is effected with a single 
organic electroluminescent element emitting white light, 
a brighter colour image can be displayed. 

(Embodiment 11) 

Embodiment 1 1 of the present invention provides a 
construction of a liquid-crystal projection device for col- 
our display different from embodiment 10. 



Frame 43 is constructed so as to be capable of arrang- 
ing the various optical elements such that an image of 
suitable size can be formed on screen 52. 

5 (Action) 

This is the same as in the case of embodiment 10 
as far as the emission from projection lens 32 of a com- 
bined image obtained by combining images of the 
io respective primary colours. This combined image is 
reflected by reflecting mirror 80 and is projected on to 
screen 52. In order to project an image of the same 
magnif ication as in embodiment 10, the distance on the 
optic axis from projection lens 32 to screen 52 can be 
is made equal to the distance from projection lens 32 to 
screen 51 in embodiment 10. 

With this embodiment 1 1 , liquid crystal display elements 
according to the present invention are provided for each 
primary colour and these are combined to generate a 
20 colour image, so a bright colour image can be dis- 
played. 

Also, there is the advantage that, if a convex-surfaced 
mirror is provided as the reflecting mirror, the image is 
further magnified by this reflection, so large image mag- 
25 n'rfication can be obtained even if the distance on the 
optic axis is short. 

Also, since the image produced by reflection by the 
reflecting mirror can be inverted, if the image that is 
emitted from the projection lens was inverted, this fur- 
30 ther inversion of the image enables it to be corrected to 
a non-inverted image. 
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f (Construction) 

As shown in Fig. 14, a liquid -crystal projection 45 
device according to this embodiment has practically the 
same construction as the liquid-crystal projection 
device of embodiment 10. However, the liquid-crystal 
projection device of this embodiment is further provided 
with a reflecting mirror 80. It also differs from embodi- so 
ment 10 in that there is provided a screen 52 in place of 
screen 51 of embodiment 10, and this is stored in frame 
43. Reflecting mirror 80 is constructed so as to be capa- 
ble of reflecting light from projection lens 32 in a direc- 
tion at right angles with respect to the optic axis. ss 
Screen 52 is constructed so as to be capable of project- 
ing the image reflected by reflecting mirror 80 such that 
it can be observed from the back face. 



(Embodiment 12) 

Embodiment 12 of the present invention provides a 
liquid-crystal projection device for colour display differ- 
ent from that of embodiment 10. 

(Construction) 

As shown in Fig. 15. the construction of a liquid- 
crystal projection device according to this embodiment 
is practically the same as that of a liquid-crystal projec- 
tion device according to embodiment 10. However, a liq- 
uid-crystal projection device according to this 
embodiment differs from embodiment 1 0 in that, instead 
of a screen being incorporated within the frame as in 
embodiment 1 0, an external screen 50 is arranged to be 
capable of being projected on to. 
Projection lens 34 is arranged to be capable of project- 
ing a combined image on to external screen 50. In this 
Figure, it is constituted by a single projection lens, but 
an assembly of a plurality of lenses could be used. In 
particular, the distance with respect to the screen for 
projection on to an external screen is not fixed. It is 
therefore constructed so as to focus at whatever dis- 
tance screen 50 is arranged. Since frame 44 does not 
contain a screen within the frame, it is constructed so as 
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to be able to contain liquid crystal display element 1. 
wavelength film 70, dichroic prism 60 and projection 
lens 34. 

(Action) 5 

In this embodiment, light that is emitted from projec- 
tion lens 34 is projected on to a screen arranged out- 
side. The magnification factor of the image varies 
depending on the construction of the Jens of projection w 
lens 34 and the distance between projection lens 34 
and screen 50. 

As described above, with this embodiment 12, a liquid- 
crystal projection device can be provided which does 
not incorporate a screen. 1S 

(Other embodiments) 

It should be noted that, although, in the present 
embodiments, a flat plate-shaped transparent liquid 20 
crystal panel was employed, so the organic electrolumi- 
nescent elements were also made in the form of a flat 
plate so as to illuminate this liquid crystal panel evenly, 
if the display surface of the liquid crystal panel were for 
example curved, the organic electroluminescent ele- 25 
ments could also be deformed so as to match the sur- 
face shape of the liquid crystal panel. 
Also, so long as the front-side microlens array element, 
rear-side microlens array element, polarization conver- 
sion element and transparent liquid crystal panel can 30 
provide the functions set out in the embodiments, other 
constructions of these could be employed. 

INDUSTRIAL APPLICARM 1TY 

35 

Since, with the present invention, a flat plate- 
shaped organic electroluminescent element is 
employed whereby a larger amount of light can be 
obtained with lower drive voltage than with the conven- 
tional light source using inorganic material, a liquid- 40 
crystal projection device of small size can be provided 
whereby a brighter image than conventionally can be 
projected. 

Also, according to the present invention, if an organic 
electroluminescent element is employed having a reso- 45 
nator structure that emits light with better directionality 
of the emitted light than conventionally to the liquid crys- 
tal panel, diminution of the quantity of light due to diver- 
gence of the light can be prevented, making it possible 
to provide a liquid-crystal projection device of small size so 
and that can be driven with low voltage and whereby a 
bright image can be projected. 

Since, according to the present invention, a polarization 
conversion element is employed that can convert the 
polarization condition of emitted light, a liquid-crystal 55 
projection device whereby a bright image can be pro- 
jected can be provided, by increasing the amount of 
light thatcan pass through the polarizing plate of the liq- 



uid crystal panel. 

According to the present invention, since, in projection 
of a colour image, a polarization conversion element is 
employed that functions in a specified wavelength band, 
the amount of light that can pass through the polarizing 
plate of the liquid crystal panel is increased, enabling a 
liquid-crystal projection device of small size to be pro- 
vided whereby a bright image can be projected. 
Use of a microlens array element whereby light is 
focused on to the pixel apertures of the liquid crystal 
panel according to the present invention increases the 
amount of light that can pass through the pixel aper- 
tures, thereby enabling a liquid-crystal projection device 
of small size to be provided whereby a bright image can 
be projected. 

In the projection of a colour image according to the 
present invention, use of a small luminescent element 
whereby, due to optical resonance, only light of specific 
wavelength is emitted increases the amount of light of 
specific wavelength thereby enabling a liquid-crystal 
projection device of small size to be provided whereby a 
bright image can be projected. 

Claims 

1. A liquid-crystal projection device having a liquid 
crystal display element comprising: 

an organic electroluminescent element con- 
structed by sandwiching an organic thin-film 
element between an electrode layer that 
reflects light and an electrode layer that trans- 
mits light; and 

a transparent liquid crystal panel that controls 
the transmission of light emitted from a face of 
the organic electroluminescent element. 

2. The liquid-crystal projection device according to 
claim 1 wherein the organic thin-film layer is consti- 
tuted as a white luminescent layer that emits white 
light. 

3. The liquid-crystal projection device according to 
claim 1 wherein the organic thin-film layer is consti- 
tuted by successively stacking primary colour lumi- 
nescent layers that respectively emit light of 
respective wavelength regions of a plurality of pri- 
mary colours necessary for colour display. 

4. The liquid-crystal projection device according to 
claim 1 wherein the organic electroluminescent ele- 
ment is constituted of a transparent electrode layer 
overlying a transparent substrate, the organic thin- 
film layer overlying this transparent electrode layer 
and an electrode layer overlying the organic thin- 
film layer and that reflects light emitted by the 
organic thin-film layer. 
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5. The liquid-crystal projection device according to 
claim 1 wherein the organic electroluminescent ele- 
ment comprises: an electrode layer that reflects 
light emitted from the organic thin-film layer; a 
transparent electrode layer that sandwiches the 
organic thin-film layer between itself and this elec- 
trode layer; and a half-mirror layer provided on the 
optical output side from this transparent electrode 
layer and that reflects some of the incoming light 
through the transparent electrode layer into the 
electrode layer, while transmitting the rest of this 
light; and the distance between this half-mirror layer 
and the electrode layer is set to an optical distance 
that produces resonance of the light in question. 

6. The liquid-crystal projection device according to 
any one of claims 1 to 5 wherein, between the 
organic electroluminescent element and the trans- 
parent liquid crystal panel there is further provided 
a polarization conversion element that converts the 
polarization condition of emitted light from the 
organic electroluminescent element, and the trans- 
parent liquid crystal panel is provided with a polar- 
izing plate that transmits light of specified 
polarization condition, of the light emitted after 
passing through the polarization conversion ele- 
ment. 

7. The liquid-crystal projection device according to 
claim 6 wherein the polarization conversion ele- 
ment comprises: a circular polarization selective 
reflection filter arranged on the organic electrolumi- 
nescent element side and that reflects one circu- 
larly polarized component of right-handed circularly 
polarized light and left-handed circularly polarized 
light and that transmits the other circularly polarized 
component, and a 1/4 wavelength plate that con- 
verts circularly polarized light to linearly polarized 
light and that converts linearly polarized light to cir- 
cularly polarized light. 

8. The liquid-crystal projection device according to 
J claim 6 wherein the polarization conversion ele- 
ment comprises: a linearly polarized light selective 
reflection filter arranged on the transparent liquid 
crystal panel side and that, of two perpendicular lin- 
early polarized components, reflects one linearly 
polarized component and transmits the other line- 
arly polarized component, and a 1/4 wavelength 
plate that converts circularly polarized light into lin- 
early polarized light and that converts linearly polar- 
ized light into circularly polarized light. 

9. The liquid-crystal projection device according to 
any of claims 6 to 8 wherein the polarization conver- 
sion element comprises a polarization selective 
reflection filter that, for the emitted light of a speci- 
fied wavelength region, transmits light of this speci- 



fied polarization condition and reflects light of other 
polarization conditions. 

10. The liquid-crystal projection device according to 
5 claim 6 wherein, between the organic electrolumi- 
nescent element and the transparent liquid crystal 
panel, there is further provided a front-side micro- 
lens array element wherein microlens elements that 
collect output light from the organic electrolumines- 

10 cent element are arranged corresponding to indi- 
vidual pixels of the transparent liquid crystal panel. 

11. The liquid-crystal projection device according to 
claim 10 wherein the focal length of the microlens 

is elements and the distance between the front-side 
microlens array element and this liquid crystal 
panel are adjusted such that the apertures of the 
individual pixels of the transparent liquid crystal 
panel are arranged in the vicinity of the rear-side 

20 focal point of the microlens elements. 

12. The liquid-crystal projection device according to 
any of claims 10 or 1 1 wherein the transparent liq- 
uid crystal panel comprises an optical screening 

25 element that transmits light that is incident on the 
aperture of each pixel and that screens light that is 
incident on portions other than the aperture of this 
pixel. 

30 13. The liquid-crystal projection device according to 
any of claims 10 to 12, further comprising a rear- 
side microlens array element constituted by arrang- 
ing, corresponding to individual pixels, microlens 
elements that suppress divergence of light trans- 

35 mitted through the pixel apertures of the liquid crys- 
tal panel, on the side where light is output after 
passing through the transparent liquid crystal 
panel. 

40 14. The liquid-crystal projection device according to 
claim 13 wherein the focal length of the microlens 
elements and the distance between this rear-side 
microlens array element and this transparent liquid 
crystal panel are adjusted such that the apertures 

45 of the pixels are arranged in the vicinity of the front- 
side focal point of the rear-side microlens elements. 

15. The liquid-crystal projection device according to 
any of claims 10 to 14 wherein, between the 

so organic electroluminescent element and the front- 
side microlens array element, there is further pro- 
vided a polarization conversion element that con- 
verts the polarization condition of light that is output 
from the organic electroluminescent element, and 

55 the transparent liquid crystal panel comprises a 
polarizing plate that transmits light of specified 
polarization condition, of the light that is output after 
passing through the polarization conversion ele- 
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ment. 

16. The liquid-crystal projection device according to 
claim 15 wherein the polarization conversion ele- 
ment comprises a circular polarization selective 5 
reflection filter arranged on the organic electrolumi- 
nescent element side and that reflects one circu- 
larly polarized component of right-handed circularly 
polarized light and left-handed circularly polarized 
light and that transmits the other circularly polarized w 
component, and a 1/4 wavelength plate that con- 
verts circularly polarized light into linearly polarized 
light and that converts linearly polarized light into 
circularly polarized light. 

15 

17. The liquid-crystal projection device according to 
claim 15 wherein the polarization conversion ele- 
ment comprises: a linear polarization selective 
reflection filter arranged on the front-side microlens 
array element side and that, of two perpendicular 20 
linear polarization components, reflects one linearly 
polarized component and transmits the other line- 
arly polarized component, and a 1/4 wavelength 
plate that converts circularly polarized light into lin- 
early polarized light and that converts linearly polar- 25 
ized light into circularly polarized light. 

18. The liquid-crystal projection device according to 
any of claims 1 , 4 or 5, further provided with a pro- 
jection lens that projects on to a screen an image 30 
generated by passing through the transparent liquid 
crystal panel. 

19. The liquid-crystal projection device according to 
claim 1 8 further provided with a transparent screen 35 
whereby an image projected from the projection 
lens can be observed from the opposite side of this 
projection lens. 

20. The liquid-crystal projection device according to 40 
any of claim 1 or claim 4, further provided with a 
plurality of liquid crystal display elements that con- 
trol the transmission of light of respective wave- 
length regions of a plurality of primary colours 
necessary for colour display; a combining optical 45 
system that generates a colour image by combining 
images of primary colours emitted from the plurality 

of liquid crystal display elements; and a projection 
lens that projects on to a screen a colour image 
combined by the combining optical system. so 

21. The liquid-crystal projection device according to 
claim 20 wherein the plurality of organic electrolu- 
minescent elements are provided with an optical 
resonant structure. §s 

22. A liquid-crystal projection device comprising, for 
each primary colour, liquid crystal display elements 



including organic electroluminescent elements hav- 
ing an optical resonant structure adjusted such as 
to emit light of respective wavelength regions of a 
plurality of primary colours necessary for colour dis- 
play and a transparent liquid crystal panel that con- 
trols the transmission of light emitted from the face 
of the organic electroluminescent elements; and 
further comprising: 

a combining optical system that generates a 
colour image by combining images of each pri- 
mary colour emitted from the respective liquid 
crystal display elements, and 
a projection lens that projects on to a screen 
the colour image combined by the combining 
optical system. 

23. The liquid-crystal projection device according to 
any of claims 20 to 22 further comprising a trans- 
parent screen constituted so that an image pro- 
jected from the projection lens can be observed 
from the opposite side of this projection lens. 

24. The liquid-crystal projection device according to 
any of claims 20 to 23 wherein the liquid crystal dis- 
play elements further comprise, between the 
organic electroluminescent element and the trans- 
parent liquid crystal panel, a front-side microlens 
array constituted by arranging, corresponding to 
individual pixels of the transparent liquid crystal 
panel, microlens elements that collect the light 
emitted from the organic electroluminescent ele- 
ment. 

25. The liquid-crystal projection device according to 
claim 24 wherein the liquid crystal display elements 
further comprise a rear-side microlens array ele- 
ment constituted by arranging, corresponding to 
each pixel, microlens elements that suppress diver- 
gence of light passing through the pixel apertures 
of the liquid crystal panel, on the output side of light 
that has passed through the transparent liquid crys- 
tal panel. V; 

26. The liquid-crystal projection device according to 
any of claims 24 or 25 wherein the front-side micro- 
lens array element and the rear-aide microlens 
array element of the liquid crystal display elements 
comprise a reflection preventing film adjusted such 
that its reflectivity is lowest for light of the wave- 
length region of the primary colour allocated to the 
liquid crystal display element in question. 

27. The liquid-crystal projection device according to 
any of claims 20 to 26 wherein the liquid crystal dis- 
play elements, between the organic electrolumines- 
cent element and the front-side microlens array 
element, are further provided with a polarization 
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conversion element that converts the polarization 
condition of emitted light from the organic electrolu- 
minescent element, and the transparent liquid crys- 
tal panel is provided with a polarizing plate that 
transmits light of specified polarization condition of 5 
light that is emitted after having passed through the 
polarization conversion element. 

28. The liquid-crystal projection device according to 
claim 27 wherein the polarization conversion ele- 10 
ment of the liquid crystal display elements com- 
prises a polarization selective reflection filter that 
transmits light of specified polarization condition 
with respect to the emitted light of a specified wave- 
length region and that reflects light of polarization 75 
condition other than this. 
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Disclosed is a design for an electroluminescent backlight for a color 
display which triples the resolution of the display and cuts the power 
used for the backlight by a factor 3. 

The invention has a light-emitting surface which emits light of 
three different colors (e.g., red, green, blue) in a pulse short com- 
pared to the flicker time (e.g., 1-10 msec). An actively switched 
matrix controls the transmission of the light pulses. The same picture 
P 1^nt is used successive l y for the three colors, instead of being 
limited to red, green or blue as it is now. The efficiency of the 
device would be increased since all picture elements could transmit the 
light of the various colors, instead of the one color being absorbed m 
2/3 the picture elements as it is now. 
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ELECTRO— LUMINESCENT BACKLIGHT FOR COLOR DISPLAY - Continued 



One way to produce such a backlight is to use screening to lay 
down lines of the red, green or blue electroluminescent material. A 
common, transparent electrode 1 of material such as SnO„ is deposited 
on a transparent substrate 2, and the red 3, green 4 an* blue 5 elec- 
troluminescent material is screened on in parallel lines narrow enough 
so they could not be resolved by the naked eye at the normal viewing 
distance. Reflecting electrodes 6 over the electroluminescent material 
could be deposited to form interdigitated lines as shown in Fig. 1. 
All the reflective conducting metal 6 covering one color material would 
be interconnected and insulated from the metal covering the other 
colors. A voltage pulse between the common transparent electrode 1 and 
the metal 6 covering one color electroluminescent line would produce a 

l^ltraL ^ V u iCh W ° Uld be paSSed throu S h the transparent 

substrate 2 and through a liquid crystal active matrix in a pre- 
determined pattern. ....... . _ f' 5 

Ve can also use the fact that the electroluminescent material is 
transparent to light of a longer wavelength by building the plate in 
layers as shown in Fig. 2. A transparent substrate 2 is covered with a 
uniform layer of transparent conductor 1. The electroluminescent layer 
which emits blue light 7 is then deposited on the first transparent 
conductive layer. Subsequent layers of green emitting material 8 and 
red emitting material 9 are deposited with inter layers of transparent 
conductive material. Finally, a material 10 which is conductive and 
reflective, such as aluminum, is deposited uniformly over the red 
emitting layer 9. A voltage pulse across the red, green or blue elec- 
troluminescent material applied between adjacent electrodes would pro- 
dUC VJ! U ^ °! j li S ht "Wch would pass though the transparent substrate 
2 and the liquid crystal active matrix in a predetermined pattern. 
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